Dengue disease, whether it be classical dengue fever (DF), dengue hemorrhagic fever (DHF), or dengue shock syndrome (DSS), is frequently associated with hematologic disorders. The underlying cause of these abnormalities is unknown. To determine if an inhibitory effect on human hematopoietic progenitor growth can be observed, normal cord blood mononuclear cells were exposed to low-passaged clinical isolates from DF, DHF, and DSS patients and to the prototype strain of dengue-3 virus (H-87). In primary methylcellulose cultures, there was no inhibition of colony formation. After an initial 8-day liquid culture, inhibition was observed with the isolates, but strain H-87 had no effect. Furthermore, isolates from patients with DSS showed a more potent inhibitory effect. These data represent the first documented study of in vitro impaired progenitor cell growth by dengue virus and suggest that this inhibition could be dependent upon the isolate tested.
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The four serotypes of dengue viruses (DEN-1, -2, -3, and syndrome (DSS), which are characterized by hemorrhagic manifestations and plasma leakage, these abnormalities are usually -4) induce a large spectrum of clinical manifestations, which are often associated with hematologic disorders, such as leukomore pronounced, especially thrombocytopenia. Bone marrow examinations of persons with DF, DHF, or DSS have shown penia and thrombocytopenia [1] . In dengue fever (DF), a selflimited febrile disease, these manifestations are moderate, a hypocellular marrow with abnormal megakaryocytopoiesis [2, 3] . Marrow suppression observed during dengue infection whereas in dengue hemorrhagic fever (DHF) and dengue shock may be due to a direct infection of hematopoietic progenitor cells or could be related to the release of cytokines downregulating hematopoiesis (or both Virus was isolated by inoculating the Aedes albopictus C6/36 35 cycles of PCR, using Taq polymerase (Promega) and internal genomic sense and anti-genomic sense primers. Semi-nested PCR cell line with acute-phase serum and passaging 3 times using the Aedes pseudoscutellaris AP61 cell line. The infected culture superwas subsequently done on the first-round amplified products [8] .
Statistical analysis. Results are expressed as the mean { SE. natants were precipitated using 7% polyethylene glycol 8000 (Sigma, St. Louis). Virus titers ranged from 4 1 10 6 to 2 1 10 8
The numbers of colonies generated by infected and noninfected CBMNC in primary methylcellulose cultures were compared by TCID 50 /mL [5] . Prototype DEN-3 strain H-87 (obtained from passages on suckling mouse brain) and passages of AP61 cell culture use of a t test. At a given MOI, the percentages of inhibition of colony formation observed with the different isolates after an fluid from a dengue-negative serum (virus-negative control stock) were prepared as above.
8-day liquid culture were compared by analysis of variance (LSD post-hoc test). P õ .05 was considered statistically significant. Cells. Normal cord blood was provided by Clinique Paofai (Papeete). Fresh cord blood mononuclear cells (CBMNC) were separated on ficoll-hypaque gradient (density 1.077 g/mL; GIBCO, Grand Island, NY). Plastic adherent cells were adsorbed by prein- 
Results

Effects of DEN-3 virus on hematopoietic progenitor growth
as previously described [6] found between isolates 30-50DF, 30-56DF, and 60-56DF or RT-PCR detected cellular DEN RNA at a similar level for the viruses tested, as shown for 1 representative experiment of 2 between isolates 29-56DSS and 276-43DSS (P ú .05). Furthermore, the colony formation inhibition induced by isolate experiments in figure 1B. 276-43DSS at an MOI of 10 04 was 44% { 5% (n Å 3) and was not significantly different from that obtained with isolate Discussion 29-56DSS (62% { 12%).
Replication of dengue virus in CBMNC. After 2 h of incu-
The in vitro effects of dengue virus on human hematopoietic cell growth have not been extensively studied. The only docubation with dengue virus, viral RNA was detected in CBMNC. Neither viral RNA nor infectious particles were detected in the mented report is that of Nakao et al. [9] , who demonstrated that dengue virus propagated in human bone marrow progenisupernatant from the last wash.
After 8 days of liquid culture at an MOI of 1, viral antigens tors but did not induce a decrease in the number of progenitors in primary methylcellulose cultures. Our data are in agreement were intermittently detected by IFA in cells infected by either virus, and no difference in the number of positive cells was with this work since we did not observe any colony formation inhibition in primary methylcellulose cultures, although viral observed between the viruses tested (two experiments; data not shown). We also inoculated cells and supernatants from 8-day RNA was detected in cfu-GM colonies. By contrast, when cells infected with either clinical isolate liquid culture of cell line C6/36. The results of experiments showed that no matter the virus tested, cultures were not conat an MOI of 1 were initially cultured for 8 days in the presence of growth factors, we observed an inhibition of progenitor stantly positive (at least 2 experiments, data not shown).
Viral replication was also tested in three experiments using growth. However, viral antigens and viral particles were intermittently detected for both viruses tested, suggesting a low both viruses at an MOI of 10 02 were seeded in presence of interleukin-3 and -6 and stem cell factor. After 8 days, RNA was extracted from 50,000 cells, and semi-nested polymerase chain reaction (PCR) was done [8] . PCR products were evaluated by ethidium bromide -agarose gel electrophoresis. Lanes: M, 100-bp DNA ladder; 1, negative control (uninfected CBMNC after an 8-day liquid culture); 2, positive control (infected culture fluid from isolate 29-56DSS inoculated into AP61 cell line, containing 10 5 TCID 50 /mL); 3, CBMNC infected with isolate 29-56DSS; 4, CBMNC infected with isolate 136-116DHF; 5, CBMNC infected with isolate 60-56DF; 6, CBMNC infected with prototype strain H-87. the prototype strain H-87 suggests that this strain may have studies suggest a role for the so-called antibody-dependent enhancement phenomenon [12] during secondary dengue infecundergone a shift in cell tropism as a result of extended propagation on various growth systems.
tion. However, the pathogenesis of primary DHF and DSS is still unresolved. During the 1989 -1990 DEN-3 epidemic in A dose-dependent inhibition of colony formation was observed with the 3 isolates, but isolate 29-56DSS induced a more potent Tahiti, among 178 children hospitalized for laboratory-confirmed dengue fever and for whom the type of antibody reinhibitory effect than did 60-56DF and 136-116DHF. Furthermore, at an MOI of 10
02
, viral replication was very low, but there was sponse was determined, 20 children ú1 year old had a primary infection, and 4 of them presented with DSS [13] . Viral factors no evidence of differences in the level of DEN RNA in cells infected by either virus. These data suggest that the level of colony may also influence the severity of dengue infection [14, 15] . Our results are in agreement with this hypothesis since the formation inhibition is not related to the level of viral replication.
The differences in the level of colony formation inhibition inhibition of colony formation appeared to be dependent upon the isolate tested. However, viral virulence is not the only were confirmed when 3 additional isolates (2 from DF and 1 from fatal grade IV DSS cases) were used. However, the numexplanation for severe disease.
Whether the mechanism of hematopoietic progenitor growth inber of isolates studied was small, and from these data it is difficult to definitely conclude that the differences in inhibition hibition induced by dengue virus is related directly to viral replication or to factors released by cells of mononuclear phagocyte lineage are related to virulence differences between isolates. However, this in vitro culture system can provide a basis by which to or progenitors themselves must be further investigated. compare dengue isolates.
